Hypertension (HTN) has become a common chronic medical condition which affects ≥20% of adult population worldwide. HTN is assumed to be a major contributing factor for increasing complication of metabolic syndrome by adding one or more comorbidities such as heart disease, stroke, chronic renal failure, myocardial infarction, blindness, and dementia. HTN is also considered as a lifestyle disorder, and there are mainly two types of HTN, namely primary and secondary. Primary HTN is about 90%-95% of all cases of HTN and it is defined as high blood pressure due to genetic factors and nonspecific lifestyle, while secondary HTN is due to an identifiable cause such as Cushing's syndrome, obesity, and glucose intolerance. However, the exact cause and pathophysiology of HTN is still not clear. On the other hand, human body acts as a host and around 100 trillion bacteria are present in the body which is 10 times more than the number of cells in the human body. Many studies have published the role of microbiome in health and disease. Recent findings have shed light on the important role of microbiota in HTN and its treatment with probiotics (beneficial microbiota to host). Considering this, here, we have summarized and focused on possible interplays between the HTN microbiota, pharmacotherapeutic use of probiotics in HTN, and prospects to increase the degree of therapeutic personalization.
Introduction
H ypertension (HTN) is also known as high blood pressure (BP), where blood exerts more pressure than normal against wall of the blood vessels. [1] It has been classified as primary (essential) or secondary HTN. Primary HTN encompasses about 90%-95% of all the reported cases of HTN, whose exact cause is not known and assumed to be due to nonspecific lifestyle and genetic factors, [1] while secondary HTN is due to an identifiable cause such as Cushing's syndrome, obesity, glucose intolerance, moon face, and a hump of fat behind the neck or shoulder. [1] This heterogeneous disease affects a large number of population causing severe health and economic burden. It is estimated that, by 2025, the total number of HTN patients is expected to increase to 1.56 billion globally. [2] In 2015, countries such as China, India, Russia, Indonesia, and the US accounted for more than half of the global disability-adjusted life years related to systolic BP of at least 110-115 mmHg. [1] Elevated BP is estimated to cause approximately 13% of all deaths worldwide in the past years. [2] Despite the current therapeutic strategies, HTN progresses with or without additional comorbidity(s) in an individual. HTN is a major contributor in the development of renal failure, cardiovascular disease, and stroke. [2] Therefore, this is the call for united efforts to treat HTN by all the possible means. In recent days, the research on gut microbiota has shown its significant role in the development and progression of HTN. [2] HTN is mainly a disease of lifestyle and dietary habits, while on the other hand, gut microbiota is highly sensitive to lifestyle and dietary habits; hence, there is a link between the management of HTN with or without probiotics. Here, in this review, we have summarized the etiopathogenic importance of gut microbiome and how probiotics can start a new era in the therapeutic management of HTN.
Gut Microbiota of Healthy-versus-Hypertensive Patients
From the classic work in ecology, we know that the initial assembly, or primary succession, of any community is usually important in determining its future composition and function. Similarly, the host-microbiota interaction, their roles, and the possible associated mechanisms/symbiotic association in maintaining healthy condition seem to be established and choreographed during the earliest days of life. [3] The gastrointestinal tract (GIT) is sterile until an infant ingests vaginal and fecal microflora at delivery. The infant microbiota is further enriched by breastfeeding. In bottle-fed infants, Bifidobacteria does not predominate, while in case of breastfed infant, a colon population is of 90% Bifidobacteria with some Enterobacteriaceae and Enterococci present, but virtually no Bacteroides, Staphylococci, Lactobacilli, or Clostridia. After switching to cow's milk or solid foods, Bifidobacteria, Clostridia, Lactobacilli, Bacteroides, Streptococci, and enterics colonize. [4] The type and number of indigenous microflora increases distally along the length of the GIT. [4, 5] The relatively sparse flora of the upper intestine generally numbers <105 colony-forming unit (CFU)/mL of contents, until the mid-ileum where the population increases to 107 CFU/mL of contents, indicating a shift toward the flora that heavily populates the colon. [4] Various experiments have been done to explore the hostmicrobiota interactions. [3, 6] For instance, Charbonneau et.al. had explored the importance and symbiotic association between 6-month Malawian infants' gut microbiota and mother's milk. They found that sialylated milk oligosaccharides promote microbiota-dependent growth in malnourished infants. [6] Such symbiotic interactions are important to create a beneficial impact on various organ systems and maintaining homeostasis in liver, muscle, and brain metabolism. [7] The role of gut microbiota has also been well accepted in the inhibition of pathogens, development of enteric protection and immune system, metabolism, bacterial-epithelial cross talk, and signaling of gut-brain axis, leading to significant changes in phenotypic characters. [7] However, alteration in gut microbiota can hamper the development of an individual as well as normal body homeostasis to maintain the healthy condition. [3, 6] Around 100 trillion bacteria are present in the body which is 10 times more than the number of cells in the human body. This includes both beneficial and harmful bacteria and ideally they should be around 85% and 15%, respectively, to maintain the healthy condition of an individual. [7] Therefore, there is always a question whether whom to call beneficial or harmful among these species as the healthy state may get altered with respect to the alteration in the ratio of gut microbiota. [7, 8] In a normal individual, the Firmicutes/ Bacteroidetes (F/B) ratio evolves during different life phases. [8, 9] In infants, adults, and elderly individuals, the observed F/B ratio is around 0.4, 10.9, and 0.6, respectively. [10] In a normal individual, the balanced F/B ratio helps to maintain not only the acetate-butyrate production, [11] but also fermentation of carbohydrates, thereby producing volatile fatty acids as an energy source to host. [9, 12] There are such n number of functional roles which are being continuously played by the balanced F/B ratio. [8, 9] It has been found that alteration in the gut microbiota may lead to diseased condition. [2, 13] An imbalance in gut microbiota is commonly known as dysbiosis. [13] During HTN, microbial richness, diversity, and evenness decrease significantly, while F/B ratio increases. These changes are accompanied by decreases in acetate-and butyrate-producing bacteria. [11] This is in alignment with human data, and a similar dysbiotic pattern has been observed. Similar changes in gut microbiota were observed in the chronic angiotensin II infusion rat model, most notably decreased microbial richness and an increased F/B ratio. When HTN was spontaneously induced in rats treated with oral minocycline, it not only rebalanced the dysbiotic HTN gut microbiota, but also attenuated high BP, by reducing the F/B ratio. These observations demonstrate that high BP is associated with gut microbiota dysbiosis, both in animal and human HTN. [2, 13] It has been suggested that F/B ratio can be used as a potential biomarker for pathological conditions. [14] The F/B ratio increases in coronary artery disease patients. [14] The F/B ratio is also altered in irritable bowel syndrome, adiposity, obesity, diabetes, metabolic syndrome, etc. [14] Therefore, there are huge chances that this ratio may also have altered significantly in case of HTN, as HTN is one of the metabolic disorders sharing many common etiogenic/confounding factors with these diseases and thereby disturbing normal gut biota, leading to the development and progression of HTN to chronic complications. [2] 
Pathogenesis of Hypertension and Gut Microbiota
As discussed above, HTN is one of the features of metabolic syndrome and is also linked with other metabolic diseases such as obesity, adiposity, hypercholesterolemia, hyperglycemia, and insulin resistance. [2] The sympathetic nervous system gets overactivated by the action of leptin that could alter lipid profiles and may cause peripheral vasoconstriction and increase renal tubular sodium reabsorption, thereby increasing BP. [15] Insulin resistance also has the same effect on BP which is caused due to the weakening of endothelium-dependent vasodilatation. [16] Oxidative stress is thought to be the key mechanism of these phenomena. [16] It reflects an imbalance between oxidants and antioxidants leading to overproduction of reactive oxygen species and a decrease in antioxidant enzyme activities. [17] Oxidative stress is implicated in various physiological processes. The decreased antioxidant capacity, reduced nitric oxide (NO) bioavailability, altered abnormal G protein-coupled receptors, and dysregulated renin-angiotensin-aldosterone system lead to vascular endothelial injury, hormone abnormalities related to nutrient metabolism, and chronic systemic inflammation, ultimately resulting in the initiation and progression of HTN. [2] As discussed above, alteration in normal gut microbiota can lead to disease condition. [2, 13] The exact molecular mechanism for the gut microbiota as a potential confounding factor and/or inducer of HTN is still unknown. [2] Many preclinical and clinical studies have been done and are well summarized to check the association between human microbiome, health, and HTN. [2, 11, 13] 
Obesity and lipid-fat metabolism
Elevated levels in the cholesterol and free fatty acid levels is one of the major factor in atherosclerosis and related complications leading to HTN/cardiovascular disease (CVD). [18] Gut microbiota plays a vital role in the maintenance of energy homeostasis and balance in serum cholesterol and its subtypes along with fat depositions and adiposity. [18] Obesity/adiposity has been assumed to be one of the major contributing factors in metabolic disorders including HTN. [18] It has been found that the levels of Staphylococcus and Enterobacteriaceae, Faecalibacterium prausnitzii, and Escherichia coli are increased in obesity, while those in Bacteroides are decreased in obesity. [19] The proportions of Bacteroides-Prevotella group increase after weight loss in obese adolescents. [19] It has been reported that intestinal flora regulates the expression of farnesoid X receptor, thus suppressing the rate-limiting enzyme CYP7A1 in bile acid synthesis from cholesterol, which reduces the production level of bile acid and elevates the serum cholesterol level that play an atherogenic role in the manifestation and development of CVD. [20] Abnormal small-bowel motility and small intestinal bacterial overgrowth are common in patients with liver cirrhosis with concomitant portal HTN. [2] It is also interesting to note that the F/B ratio is increased in obesity and related with the occurrence of comorbidities and vice versa. On the other hand, opposite results have been observed with increased Akkermansia numbers in feces when obese patients are subjected to standard 52-week weight-loss program. [21] Oxidative stress and inflammation
Oxidative stress plays an important role in the pathophysiology of vascular abnormalities and HTN. [22] Researchers have shown that microbial diversity influences metabolic pathways through generating oxidative stress and endotoxin, resulting in metabolic disorders. [22] Qiao et al. have shown that alterations in gut microbiota in high-fat diet (HFD) fed mice are strongly linked to oxidative stress. [23] The increased serum levels of uric acid are a risk factor for cardiovascular disease where oxidative stress plays a key role in the pathophysiology. [24] Studies indicated that patients with coronary heart disease have an imbalance of intestinal flora with an increased amount of Streptococcus, Helicobacter pylori, and E. coli and a decreased number of Lactobacillus and Bifidobacterium.
The decomposition activity of uric acid facilitated by gut microbiota positively correlates with the contents of E. coli. Therefore, the alteration of gut microbiota results in the increased excretion of uric acid through the intestinal tract and an elevated serum uric acid, leading to oxidative stress. [22] Further, clinical studies have suggested that uric acid could play a contributory role in the pathogenesis of elevated BP. [24] Therefore, the alteration of uric acid mediated by oxidative stress may link intestinal microflora to HTN. [25] Increased oxidative stress also participates in the damage of cell membranes via peroxidation and results in increased intestinal permeability to endotoxin and local or systemic inflammatory reactions. Intestinal microbiota acts as a convertible bond factor to drive inflammatory response and/or oxidative stress, leading to the increase in risk for CVD, including high BP. [22] Inflammation is yet one more factor studied in efforts to better understand the biological underpinnings of the risk of HTN, atherosclerosis, insulin resistance, obesity, and diabetes. [26] Alterations in intestinal permeability are potential triggers of inflammation in various metabolic and CVDs. [26] Articles are published on the associations among inflammation, gut microbiota, and diseases. The dysbiosis of gut microbiota and bacteria has long been known to activate inflammatory pathways. [26] Kim et al. demonstrated that HFD might cause inflammation in the intestinal lumen and plasma by altering the composition of gut microbiota and increasing its intestinal permeability through the induction of toll-like receptors, thereby accelerating the development of obesity and associated diseases. [26] The effect of minocycline on lowering BP is most likely associated with improving gut microbial homeostasis and contributes to inhibiting the expression of pro-inflammatory cytokines, relieving intestinal damage and reducing mucositis of the intestine. [27] Endotoxin derived from gut might be a critical factor in chronic inflammation, glucose intolerance, and oxidative stress, which are responsible for an increase in the onset of metabolic diseases. [28] It has been suggested that microbial diversity influences metabolic pathways through generating endotoxins. [28] It has also been shown that endotoxin is positively correlated with total cholesterol, diastolic BP, waist-to-hip ratio, and body mass index, and that it has a negative correlation with high-density lipoprotein cholesterol, leading to the increased risk of CVDs. [29] Many articles proved that the link between the development of systemic low-grade inflammation and CVD is mediated through a lipopolysaccharide receptor-dependent mechanism which finally causes metabolic endotoxemia. [29] 
Renin-angiotensin system
Angiotensin II, an intermediate component in renin-angiotensin system (RAS), works to restore BP by inducing constriction of peripheral vessels. [30] Oral minocycline treatment results in the decrease of high BP and produces positive effects in resisting dysbiosis in chronic angiotensin II infusion HTN in rat models, [13] which suggests that angiotensin II is also a factor that links intestinal microflora and BP. However, the knowledge of this subject is very limited and cannot fully reveal the possible mechanisms of gut microbiota underlying HTN. Renin, one component of RAS that encircles the arterioles at the entrance to the glomeruli of the kidneys, plays a critical role in the regulation of body fluid volume and BP. [31] It has been demonstrated that propionate, a single chain fatty acid (SCFA), could induce vasodilation and produce an acute hypotensive response in wild-type mice, and that the disruption of olfr78, an olfactory receptor expressed in smooth muscle cells of the vasculature, is differentially modulated in this process. [32] Olfr78 plays a role in renin secretion via gut microbiota-derived signals, which means that it can contribute to the control of BP. [32] SCFA receptors take part in nutrient metabolism, adiposity, inflammatory responses, and many other physiological processes via mediating SCFA in responding to microorganisms. [18] Angiotensin-converting enzyme 2 (ACE2) was identified as an enzyme that negatively regulates the RAS by converting angiotensin II. It has also been shown that ACE2 modulates innate immunity and influences the composition of the gut microbiota. [2, 32] In addition, the previous studies indicate that microorganism-fermented dairy products may contain ACE inhibitors, [33] which suppress the angiotensin II production and play an important role in regulating the RAS, leading to the reduction of BP. [33] 
Insulin resistance
Resistance to insulin is linked with HTN. [34] Preclinical and clinical studies have shown that with insulin resistance, the stimulatory effect of insulin on glucose uptake in adipocytes, mediated via insulin receptor substrate (IRS) 1, was severely diminished, and its effect on salt reabsorption in the kidney's proximal tubule, mediated via IRS2, was preserved. [2] There can be a condition of salt overload and HTN due to compensatory hyperinsulinemia in individuals with insulin resistance that may enhance salt absorption in the proximal tubule. [2] There are a number of clinical and/or preclinical evidences for the association between insulin resistance and microbiome, indicating their pathogenic as well as therapeutic importance in metabolic syndrome. [34] 
Sodium metabolism
The relationship between sodium absorption from the intestine and HTN has been well reviewed by Afsar et al. [32] Alteration in the intestinal structure and function (gut hormone, gut-brain axis, RAS system, etc.) can affect the development and progression of HTN. [2] It is said that SCFAs are energy sources for colonocytes and are involved in the regulation of colonic sodium absorption. They play an important role in allowing the colon to adapt to chronic changes in dietary carbohydrate and sodium loads. [35] High levels of sodium are one of the most important factors in the risk of HTN. Therefore, sodium metabolism may be one possible link between intestinal microflora and BP regulation. However, no evidence has been found to confirm this hypothesis. [2] 
Cross talk between transient receptor potential and Ca 2+ signaling
The impaired endothelial dysfunction is a coupling with transient receptor potential (TRP)-associated calcium channels in the progression of HTN; due to deregulation of TRP channels, the NO availability is decreased in vascular smooth muscle. [36] This imbalance causes deformities of TRP channels and affects Ca 2+ entry, leading to critical vascular physiological dysfunction and HTN. [36] Probiotics Probiotics are the live bacteria and yeast having symbiotic relationship with host and play an important role in maintaining healthy gut. [37] The World Health Organization has considered probiotics as a next-most important immune defense system when commonly prescribed antibiotics are rendered useless by antibiotic resistance. [37] The use of probiotics in antibiotic resistance is termed as microbial interference therapy. [37] With increasing understanding that beneficial microbes are required for health, probiotics are now becoming a common therapeutic tool to be used by health-care practitioners and even many guidelines are also recommending them as a part of potential therapeutic regimen with highest safety. Many probiotics have been screened to check their effect on HTN patients which include but may not be limited to yogurt, sour milk, milk, and rose-hip drink containing Lactobacillus. [38] 
Mechanism of action
Probiotics exerts multimodal action in the prevention and treatment of diseases. Probiotics inhibit enteropathogenic E. coli adherence in vitro by inducing intestinal mucin gene expression, steric hindrance, and through competitive inhibition. [39] Probiotics mainly acts by decreasing luminal pH; secreting antimicrobial peptides; inhibiting bacterial invasion; blocking the bacterial adhesion to the epithelial cell by increased expression of MUC2 and MUC3 intestinal mucins; enhancing mucous secretion; activating cytokine cascades and immune modulation; and inhibiting/reducing the concentration of myeloperoxidase, tumor necrosis factor-alpha, nuclear factor-kappa B, epidermal growth factor receptor, etc. [7, 11, 40, 41] Probiotics also acts by increasing GI barrier integrity by tightening mucosal barrier and upregulation of growth factors and receptor sites. This occurs through bacterial-epithelial cross talk and helps to maintain the portal HTN. [39, 42] Through the SCFA production, probiotics fosters the growth of nonpathogenic commensal bacteria. [43] Probiotics also gives protective effects through production of H 2 O 2 and benzoic acid, which inhibit many pathogenic, acid-sensitive bacteria. [4, 37, 39] SCFA also have anti-inflammatory impact on both colony epithelium and immune cells. [11, 41] SCFA modulates immune signaling through G-protein coupled receptor. [11] SCFA-olfactory78 receptor, which is a type of G-protein coupled receptor involved in odorant sensing, is also expressed in smooth muscle cells of the kidney vasculature, including the glomerular afferent arteriole, where it binds acetate and propionate to regulate glomerular filtration rate and renin release and regulates BP. Both butyrate and propionate cause colonic artery dilation and thereby causes anti-hypertensive activity. [11] The SCFA also works through its receptors Gpr41 and Gpr43 (also called free fatty acid receptor 3 or FFAR3 and FFAR2, respectively) which are involved in BP regulation. [44] The application of probiotics in gastrointestinal motility disorders has been well studied. [45] Therefore, more information of the role of probiotics in the signaling cascade will improve our understanding and helps us to provide new site of biomarkers, which could open a door for other types of regulatory pathways used in HTN cross talk. [46] Probiotics helps to produce so many enzymes, co-factors, metabolites, vitamins, and minerals that are modulating our health. [47] HTN caused by endothelial dysfunction affects NO levels. In a study performed on common bile duct ligation in rats showed prevention of endothelial dysfunction, after ingestion of probiotics. [47] Based on these findings, it was also believed that in vascular smooth muscle cells, probiotic intake has been increased (intracellular calcium) (Ca 2 +) i in endothelial cells to produce NO which ultimately causes vasodilatation and prevents the contractility of blood vessels. Hence, it is believed that the probiotics has inferable work in HTN. [48] Beyond these findings, another mechanism was postulated that involvement of TRP channels has also linked with Ca 2+ entry pathways in HTN because HTN is associated with profound alterations in Ca 2+ homeostasis in smooth muscle cell, which plays a major role in hypertensive disease states. [49] However, more studies are required for a better understanding of cross talk between TRP channel-associated calcium entries in the presence of probiotics for controlling the HTN. As HTN is interlinked with other metabolic disorders, it is necessary to examine the outcomes at microscopic level to get a clear picture of probiotic action against CVD. [11, 36, [47] [48] [49] Figure 1 depicts the probable mechanism of actions and rationale behind the use of probiotics in the management of HTN.
Pharmacotherapeutics
To exert good pharmacotherapeutic action, probiotics should have the following characteristics: (1) acid and bile resistant; (2) metabolically active in the GIT;
(3) able to adhere to the GIT; (4) possess antimicrobial activity toward pathogenic bacteria; and (5) reduce colon pH. [37, 39, 43] [50] Several clinical trials have been conducted evaluating the use of probiotics and its effects on BP regulation. [51] A meta-analysis of nine randomized trials showed a significant decrease in both systolic BP (SBP) and diastolic BP in HTN patients. A synergistic effect has been observed when multiple species of probiotics were used. Conclusion drawn from this meta-analysis is that consuming probiotics may improve BP by a modest degree, with a potentially greater effect when baseline BP is elevated, multiple species of probiotics are consumed, the duration of intervention is ≥8 weeks, or daily consumption dose is ≥10 11 CFUs. [51] A meta-analysis on the effect of probiotics-fermented milk on HTN has shown that Japanese population showed better results than their European counterparts. [52] The reduction in HTN in Japanese versus European population for both SBP and diastolic BP was −6.12 versus −2.08 mmHg and −3.45 versus −0.52 mmHg, respectively. [2, 51, 52] Drug-disease-microbiome interactions need to be taken into consideration while use probiotics which may affect the pharmacotherapeutics, safety, efficacy, and potency of its own but also of concomitantly administered drug. [11, 53] For instance, several medications are commonly prescribed to patients with metabolic syndrome, including the antidiabetic drug metformin and the lipid-lowering drug simvastatin, which were suggested to be modulated by the gut microbiome. [54] Epidemiological data show that HTN patients are more prone to periodontitis caused by periodontitis-causing bacteria, including Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola. [11, 55] Microbiota gets altered and involved in the development and progression of several diseases including but not limited to diabetes, cancer, obesity, gastroenteropathy, and inflammatory bowel disease. [11, 40, 41, 56, 57] Therefore, such factors also need to be taken seriously, especially when dealing with drug of narrow therapeutic window, higher plasma protein binding, and less V d (volume of distribution). [58] 
Controversies
Various meta-analysis and systematic reviews [2, 13, 51, 52] so far have supported the use of probiotics for the management of HTN except one contradicting case study which has been discussed below. [59] Goeser et al. [59] had conflicting conclusion from their study in a recurrent Clostridium difficile-infected hypertensive patient treated by fecal microbiota transplantation (FMT). They concluded that "hypertensive episodes may occur shortly after FMT and reflect a potentially hitherto unknown side effect of FMT resulting from interference of the 'new' intestinal microbiome with BP-regulating factors." One cannot directly reject this interpretation, but this conclusion cannot be completely supported and seems to be overemphasized. Because, the patient in their study was with multiple problems including geriatric condition, tetraplegia, and had experienced repeated aspiration episodes (due to stroke) complicated by subsequent pneumonias, chronic hepatitis C infection, peripheral artery occlusion and coronary heart disease with a previous history of myocardial infarction, type 1 diabetes, and arterial HTN. The role of disease-disease interaction is also well accepted in scientific fraternity and, according to us, this also may have played role for posttreatment arterial HTN. [53, 60] Therefore, increased arterial HTN cannot be calmed as a side effect of FMT, which may be overemphasizing the claim. However, it was worth to note that the highly resistive recurrent Clostridium difficile infection was totally cured by the FMT treatment in this complex case of HTN with comorbidities. [53, 59] Future Perspective
Personalized probiotic antihypertensive treatment
Microbiome of an individual can vary with respect to patient-related factors including but not limited to hygiene-related habits, genetics, sex, age, disease, individualized nutritional status, diet, lifestyle, and environmental-geographical condition. [53] Therefore, it is also important to incorporate/consider these aspects while designing the clinical studies. Predictive tools may be a futuristic approach to offer help in this regard. Apart from this, it is also important to focus on drug-disease-microbiome interplay in order to ensure higher degree of personalization in HTN management. [53] 
Discussion and Conclusion
Metabolic disorders such as HTN involve many pathways and feedback loops for the maintenance of normal homeostatic balance. [2] One has to take all the possible efforts to prevent HTN and/or halt the progression of HTN so that other related comorbidities do not develop. [2] For instance, it is interesting to note the findings of a Heart Outcomes Prevention Evaluation study, which showed that even modest reductions of SBP and diastolic BP by 3.3 and 1.4 mmHg, respectively, were associated with a 22% reduction in the relative risk of cardiovascular mortality, myocardial infarction, or stroke. [61] Therefore, pharmacotherapeutic measures which are helpful to ensure the maintenance of normal homeostatic balance, have potential to prevent as well as treat the disease with minimal or no side effects, have the highest nutritional and/or pharmacotherapeutic value, and probiotics are the best examples of the same. [56] Today is the world of personalization and hence personalized medicine is gaining more and more importance. Considering the same, even population-based/country-specific approaches for the pharmacotherapeutic use of probiotics need to be developed. [2, 51, 52] Guandalini has well said that "the probiotics have now left the field of ''alternative'' medicine and popular remedies, and have entered at full title that of mainstream medicine. Clearly, there is more to come!" [50] In other words, although scientific fraternity has well accepted the importance/role of gut microbiota in the maintenance of healthy condition and probiotics are being used as a potential pharmacotherapeutic agent, we need to do more strategic researches in order to develop proper clinical guidelines for the use of probiotics as a both preventative/nutritional and pharmacotherapeutic agent.
